We present new images and photometry of the massive star forming complex Cygnus X obtained with the Infrared Array Camera (IRAC) and the Multiband Imaging Photometer for Spitzer (MIPS) on board the Spitzer Space Telescope. A combination of IRAC, MIPS, UKIRT Deep Infrared Sky Survey (UKIDSS), and Two Micron All Sky Survey (2MASS) data are used to identify and classify young stellar objects. Of the 8,231 sources detected exhibiting infrared excess in Cygnus X North, 670 are classified as Class I and 7,249 are classified as Class II. Using spectra from the FAST spectrograph at the Fred L. Whipple Observatory and Hectospec on the MMT, we spectrally typed 536 sources in the Cygnus X complex to identify the massive stars. We find that YSOs tend to be grouped in the neighborhoods of massive B stars (spectral types B0 to B9). We present a minimal spanning tree analysis of clusters in two regions in Cygnus X North. The fraction of infrared excess sources that belong to clusters with ≥10 members is found to be 50-70%. Most Class II objects lie in dense clusters within blown out H II regions, while Class I sources tend to reside in more filamentary structures along the bright-rimmed clouds, indicating possible triggered star formation.
INTRODUCTION
High-mass stars, though relatively rare, dominate the energetics of star formation in giant molecular clouds (Zinnecker & Yorke 2007) . When high-mass stars form through the gravitational collapse of gas and dust, they release an immense amount of energy through stellar winds and radiation. The release of this energy has a profound effect on the massive star's environment, possibly inducing the formation of less massive stars in the surrounding area. Therefore, regions that contain massive stars provide excellent laboratories for studying both high and low mass star formation. By studying the distribution of young stellar objects (YSOs) in the neighborhood of massive stars, we hope to understand the relationship between high-mass stars, star formation and the interstellar medium (ISM).
Due to the high levels of extinction in star forming molecular clouds, the use of infrared imaging instruments on the Spitzer Space Telescope (Werner et al. 2004 ) has provided great insight into regions of star formation. Spitzer has been used to survey a number of star forming molecular clouds, e.g. W3 (Ruch et al. 2007 ), W5 (Koenig et al. 2008 ) and M17 (Povich et al. 2009; Povich & Whitney 2010) . In these surveys, Spitzer was used to detect infrared excess emission from warm dust in disks and protostellar envelopes to map the spatial distribution of low and high mass YSOs within the molecular clouds. In this paper, we explore an active massive star-forming complex, Cygnus X, using photometry from the Spitzer Infrared Array Camera (IRAC) (Fazio et al. 2004 ) and the Multiband Imaging Photometer for Spitzer (MIPS) (Rieke et al. 2004) .
Cygnus X is a ∼ 7
• × 7
• region in the Cygnus constellation, which contains Gamma Cygni, the center star of the Northern Cross (Reipurth & Schneider 2008) . First known for being a diffuse radio source, the region was named Cygnus X to distinguish it from the other radio source in Cygnus, the radio galaxy Cygnus-A (Piddington & Minnett 1952 ). Piddington and Minnett attributed the radio source to thermal emission from clouds of ionized gas. Extensive radio surveys of the region (Wendker 1984; Wendker et al. 1991 , and references therein and subsequently) have confirmed that thermal emission dominates the radio wavelength output of Cygnus X, consistent with Cygnus X being the largest and most active region of star formation within 2 kpc of the Sun. It contains about 800 distinct H II regions, a number of Wolf-Rayet and OIII stars, several OB associations, and at least 40 massive protostars. Cygnus X also contains one of the most massive molecular cloud complexes in the nearby Galaxy, with a mass of ∼ 3 × 10 6 M ⊙ (Schneider et al. 2006) . Although once believed to be a superposition of many disconnected star formation regions, Schneider et al. (2006 Schneider et al. ( , 2007 showed that the molecular clouds in Cygnus X form connected groups at a distance of ∼ 1.7 kpc. The entire region exhibits evidence for many sites of star formation at different evolutionary stages, from the youngest embedded star formation in Infrared Dark Clouds (IRDCs) in DR21 (Downes & Rinehart 1966) to the young cluster Cygnus OB2 (Knödlseder 2000) to the more dispersed and perhaps older Cygnus OB9 region.
None of the nearby Galactic regions (within 2 kpc of the Sun) studied with Spitzer are as richly populated with massive stars as Cygnus X. Cygnus X is also near enough that the low-mass population can be detected in the same Spitzer observation. Observations indicate that around 75% of all stars form in clusters (Lada & Lada 2003; Carpenter 2000; Allen et al. 2007) . Not all of the clusters in these studies have high mass stars however. Other molecular cloud surveys of massive star forming regions with Spitzer have revealed that 40-60% of the low-mass stars do not form in dense clusters (e.g. Koenig et al. 2008) . The identification and classification of YSOs in Cygnus X enable us to study the spatial distribution of these objects around massive stars. Determining how many low mass stars form in clusters or in relative isolation will help us understand how low-mass stars form in molecular cloud complexes dominated by massive stars.
In this study, we used a combination of Spitzer infrared photometry and optical spectra from the Fast Spectrograph for the Tillinghast Telescope (FAST) and Hectospec on the MMT to make a census of the massive stars and the lower-mass YSOs in a ∼ 2
• × 2 • region, termed Cygnus X North, centered roughly on the H II region, DR21.
We describe our observations in § 2. Our Cygnus X data were taken with the Spitzer IRAC and MIPS instruments as part of the Cygnus X Legacy Survey program (Hora et al. 2010) . The optical spectra taken with the FAST and Hectospec instruments of stars in Cygnus X North are presented in § 2.4.
OBSERVATIONS AND METHODS

IRAC Data
Cygnus X was observed with the Spitzer IRAC instrument in all four bands (3.6, 4.5, 5.8, and 8.0 µm) in three campaigns between 2007 November and 2008 November. A Spitzer three-color composite image of Cygnus X North is shown in Figure 1 . The RA and Declination for this and all subsequent figures is J2000.0. The IRAC pixel scale is 1.2 ′′ pixel −1 . The Cygnus X region was mapped by raster-scanning across the field using offsets of 100 ′′ in one direction and 300 ′′ in the other, resulting in at least three frames at each integration time at each position on the sky. The observations were taken in HDR mode, in which a 10.4 s frame and a 0.4 s frame were obtained at each position. Basic Calibrated Data (BCD) version 18.7 images from the Spitzer Science Center's standard pipeline were used. These data were combined into mosaics using WCSmosaic . The BCD images were improved by locating and removing the column pull-down and mux-bleed artifacts and the banding effects.
Automated source detection and aperture photometry were carried out on all point sources using PhotVis version 1.10 . PhotVis, a photometry visualization tool, utilizes a DAOphot sourcefinding algorithm. The aperture photometry was performed with synthetic apertures of 2.4
′′ radius and background annuli of inner and outer radii of 2.4 ′′ and 7.2 ′′ , respectively. The software filters outlier pixel values in the background annuli via iterative statistics and adds the measured standard deviation of the kept pixels in quadrature with the shot noise estimates for the final mean background flux per pixel and the shot noise in the main aperture. The photometry was calibrated with the following values (Vega-standard magnitudes for 1 DN s −1 ): 19.455, 18.699, 16,498, and 16.892 for 3.6, 4.5, 5.8, and 8 .0 µm bands, respectively. The completeness of the survey was estimated by adding artificial sources of various magnitudes and performing the photometry on the mosaics in the same way as was done to generate the real catalog. The IRAC point spread function was used to add the simulated sources into the images. In order for the source to be recovered, it had to be within an arcsec of the position it was inserted and within a half magnitude of the input value. Objects that fall close to bright stars or bright, structured nebulosity were not recovered. The 90% completeness levels for IRAC channels 1, 2, 3, and 4 are 14. 98, 14.87, 13.82, and 12.60, respectively (Hora et al. 2010) . Final photometric errors include the uncertainties in the zero-point magnitudes (∼0.03 mag).
MIPS Data
The MIPS observations were taken at the fast scan rate, with a typical resolution of 6 ′′ in the 24 µm band. Only the 24 µm data are considered here. The data were reduced and mosaicked using the MIPSGAL processing pipeline (Mizuno et al. 2008; Carey et al. 2009 ). Point source photometry was extracted using Cluster Grinder and PhotVis . A synthetic aperture radius of 7.6 ′′ and background annulus inner and outer radii of 7.6 ′′ and 17.8 ′′ was used. The photometry was calibrated with the value 14.6 mag for 1 DN s −1 . Young stars emit excess radiation in the infrared compared with that seen in main-sequence stellar photospheres, due to thermal emission from the YSO's circumstellar material. Thus, YSOs can be identified by looking for infrared excess emission.
YSO Classification
YSOs are categorized into Class 0, I, II or III evolutionary stages. Class 0 objects are deeply embedded protostars that are still experiencing cloud collapse. Since they are so embedded, they are extremely faint at wavelengths shorter than 10 µm. They have a significant submillimeter luminosity: L submm /L bol > 0.5%. A Class I YSO is also an object whose emission is dominated by a dense infalling spherical envelope but is infrared bright. With only infrared data it is usually not possible to distinguish Class 0 from Class I objects. A Class II YSO is characterized by the presence of an optically thick, primordial circumstellar disk, which dominates the star's emission. When most of the circumstellar disk material has become optically thin, the star is classified as a Class III star. Thus, a Class III object is a pre-main sequence star that has lost its accretion disk, but may exhibit a small amount of infrared excess due to a secondary/debris disk. In this paper we additionally catalog a further class of YSO, the "transition disk" (TD). These objects display an intermediate infrared excess morphology between Class II and III as they exhibit disks, but with evidence for significant dust clearing in the inner disk region. They exhibit emission consistent with reddened photospheres that have IR excess at 24 µm and longer wavelengths. There is some debate in the literature as to their exact place in the evolutionary path from Class II to Class III however (e.g. Hernández et al. 2008; Currie et al. 2010) .
The circumstellar material around a young star disap- pears as the star evolves, and consequently the infrared excess emission decreases. Thus, by measuring the star's IR excess-once it has become visible in the infraredwe can determine its evolutionary state. Since younger stars are brighter at longer IR wavelengths, we can classify YSOs by calculating the slope of the source's spectral energy distribution (SED), which is defined as:
where F λ is the star's flux density at wavelength, λ.
Color-color and color-magnitude diagrams, which compare the ratio of a star's flux in different bands, can be used to look for IR excess to classify YSOs in place of calculating α for each object. We used IRAC, MIPS, Two-Micron All-Sky Survey (2MASS, Skrutskie et al. 2006) and UKIRT Deep Sky Survey DR4 (UKIDSS, Lawrence et al. 2007; Lucas et al. 2008) photometry to classify the YSOs in Cygnus X using the classification scheme presented in Gutermuth et al. (2008) , with the extinction map of Schneider et al. (2006) generated from 2MASS data used to deredden the photometry. Figures 2  and 3 show example color-color and color-magnitude diagrams that were used to classify the YSOs. The points are plotted without dereddening their photometry. The scheme also provides a means of filtering out extragalactic sources (for example, active galactic nuclei or AGN) on the basis of magnitude and color cuts.
Using these methods, we found 670 Class I, 7,249 Class II and 350,058 normal photospheres in the Cygnus X North region. We also identified 200 deeply embedded objects (with SEDs resembling Class I sources but showing evidence for large optical extinction) and 112 transition disks. These classifications are summarized in Table 1.
In the left panel of Figure 2 , one red Class I source shows error bars. We calculated the errors in color by adding the median uncertainty in magnitude for the two channels in quadrature. We also show the extinction vector in each plot for that filter combination using the extinction law derived by Flaherty et al. (2007) . The typical line of sight extinction to sources in Cygnus X is A K = 0.5 to 1.0 (Schneider et al. 2006 ). Thus, except for the most embedded sources, neither photometry error or reddening are responsible for the distribution of sources on these color-color diagrams and the dominant contributor to their colors is the intrinsic spread in properties of the sources. In Figure 4 , we show the number of YSOs (including Class I, II, deeply embedded protostars and transition disks) detected in each of the four IRAC bands per magnitude, in comparison to all detected stellar sources. Firstly we note that channels 3 and 4 detect far fewer sources than channels 1 and 2. This deficit exists because channels 1 and 2 are more sensitive than channels 3 and 4 and are also less affected by the bright diffuse emission that dominates the channel 3 and 4 images. The underlying typical stellar photosphere is also intrinsically fainter at 5.8 and 8 µm than at 3.6 and 4.5 µm, which further hinders our ability to detect sources in the longer wavelength IRAC filters. Secondly, there is a flattening off in the YSO histograms at the brightest magnitudes in all bands. We attribute this trend to contamination, likely from AGB stars. As found by Robitaille et al. (2008) , a majority of objects brighter than [4.5] = 7.8 in a typical Galactic field are so-called "extreme ′′ AGB stars, while sources fainter than this cut are either "Standard ′′ AGB stars or YSOs. In Cygnus X this contamination reveals itself in the apparent increased proportion of YSOs amongst the overall stellar populations in each IRAC histogram at the brightest magnitudes (brighter than 8th magnitude in any band).
Optical Spectroscopy
To study the effect massive stars have on their environment in Cygnus X, we need to first identify the most massive stars. Then, we can investigate how the young stellar objects form in their presence. Using r ′ and i ′ magnitudes from the IPHAS survey (Drew et al. 2005) , we identified a sample of possible O and B type stars in the 2
• × 2 • field near DR21 in Cygnus X (González-Solares et al. 2008) . We obtained 536 optical spectra during Fall 2008 using the FAST instrument, an optical spectrograph in operation at the focus of the 1.5 m Tillinghast reflector at the Fred L. Whipple Observatory on Mt. Hopkins (Fabricant et al. 1998 ) and the Hectospec multifiber spectrograph mounted on the 6.5 m MMT telescope on Mount Hopkins (Fabricant et al. 1994) . The FAST spectra were obtained using the 300 groove mm −1 grating centered at 5500Å with a resolution of 3Å and processed using the standard FAST pipeline reduction (Tokarz & Roll 1997) . Figure 5 presents example FAST spectra from our sample.
Hectospec is a multi-object spectrograph with 300 fibers that can be placed within a 1
• diameter circular field. We used the 270 groove mm −1 grating, and obtained spectra in the range 3700-9000Å with a resolution of 6.2Å. Data reduction was performed by S. Tokarz through the CfA Telescope Data Center, using IRAF tasks and other customized reduction scripts. The reduction procedure was the standard for the Hectospec data, with the addition of our special sky subtraction procedure. To avoid the difficulties encountered when subtracting a sky spectrum made from an average over the highly variable H ii region, we took exposures offset by ∼5
′′ after each Hectospec configuration. This way we obtained a sky spectrum very close to each star through the same fiber. Background subtraction was performed in IDL to remove each wavelength calibrated sky offset spectrum from its corresponding wavelength calibrated object spectrum.
To classify our sources, we used the spectral classification code SPTclass 16 (Hernández et al. 2004; Hernández 2005) . This automated code can classify spectra to a precision of half a subtype (e.g. G6.5±0.5). It uses only spectral line ratios, not continuum shape and is currently unable to distinguish the luminosity class of the star being classified. Of the 536 spectra, 24 sources were clas- sified as B type stars. The most massive star identified was a B0.0±2.0. The fact that we did not find any O type stars may be a result of our selection criteria. We selected sources from the IPHAS survey, which does not include any sources brighter than magnitude 10. Therefore, our survey may be missing some of the brightest sources. Figure 6 shows the optical color-magnitude distribution of IPHAS photometry for sources for which we obtained spectra. The region above the black dashed line is the expected location of O stars at the distance of Cygnus X (1.7 kpc). Although we have some spectra in this region, the sampling is sparse. We searched the literature for massive stars that were identified in previous studies. Comerón et al. (2008) found one object (star 100 in their catalog) classified as O9V in the vicinity of the Diamond Ring (DR 17). They also identify many candidate early-type stars in this region, although these lack a precise spectral type. Wendker et al. (1991) discuss the radio continuum emission at 408 and 4800 MHz in the environment of this portion of Cygnus X and show that it is made up of numerous thermally emitting H II regions, that are likely powered by massive O stars. We thus attribute our lack of confirmed spectroscopic O stars to a simple sampling effect. Table 2 summarizes our spectral classification results. The drop in number of objects classified later than spectral type F (G, K and M) is due to the spectral sample selection which preferentially chose the bright, blue targets and the sensitivity limits of our spectral survey. The full listing of sources for which we determined classifications, along with their positions, spectral types and uncertainties is presented in the Appendix.
3. ANALYSIS 3.1. Color-Magnitude Diagram To verify that the sources for which we have optical spectra are indeed members of the Cygnus X complex, we plot the spectroscopic sample on a dereddened colormagnitude diagram. We used the catalog of spectral types and intrinsic colors presented in Kenyon and Hartmann (1995) to determine each star's intrinsic r ′ −i ′ color via the Sloan filter conversions presented in Jordi et al. (2006) . These colors allow us to calculate the visual extinction, A V toward each object using the relation between A λ and A V given in Schlegel et al. (1998) . The dereddened color-magnitude diagram of the 536 sources in Cygnus X for which we have optical spectra is shown in Figure 7 with isochrones from Siess et al. (2000) shifted to a distance of 1.7 kpc (red solid lines). We can see that in general the sources fall between the isochrones at 1 and 5 Myr, which we would expect given the large amount Solid red lines show the main sequence between B0 and B9 at a distance of 1.7 kpc at A V =2, 5 and 10 from Kenyon & Hartmann (1995) . Black dashed line shows expected locus of B0V stars at a distance of 1.7 kpc over the same range of optical extinction. of embedded star formation in this part of Cygnus X. In particular, the location of the B stars (shown with blue stars in Fig. 7 ) is consistent with their being at the accepted distance of Cygnus X of 1.7 kpc and thus being members of the region. It is clear however that there are many later type sources which are above the 1 Myr isochrone, which could be very young stars or objects in the foreground. Figure 8 shows the spatial distribution of the YSOs overlaid on the IRAC 8.0 µm gray-scale image of the north-eastern part of Cygnus X. The sources are colored according to their evolutionary class. Although young stars are distributed throughout the field of view, the figure shows obvious regions of higher stellar densities. B stars are marked with orange asterisks. The image shows that the dense clumps of YSOs tend to be concentrated near the massive B stars. However, there are some B stars that appear distant from any clustering.
Spatial Distribution of YSOs in Cygnus X
Since Cygnus X lies along the Galactic Plane, our source list of YSOs is likely contaminated by some foreground and background young stellar populations. We estimate an upper limit to this contamination by measuring the source density in regions of the lowest density of YSOs in the complete Cygnus X survey (Hora et al. 2010 ) that lie along the Galactic Plane. This method will clearly produce an overestimate of the level of contamination as many of these sources will belong to Cygnus X. We find a density of 537 sources per square degree. We consider this level of contamination low enough to ignore for the purposes of this particular study.
Many Class I and II objects are clustered together within clouds of bright IR emission, while others form filamentary structures. For example, the DR22 region shows a dense cluster of Class II sources inside a large cavity where the gas appears to have been blown out, presumably due to the presence of a massive star. This cluster was also noted by Dutra & Bica (2001) and Le Duigou & Knödlseder (2002) . In this region, we can see Class I objects residing in more filamentary structures along the rim of the cloud. One branch of Class I objects extends north in the direction of the DR23 region, along the DR22-DR23 molecular CO filament detected by Schneider et al. (2006) . DR23 is another example of a dense concentration of Class II sources surrounded by a ring of Class I sources along a bright-rimmed cloud. Northwest of this structure is the H II region, DR21 (Downes & Rinehart 1966) . The dense cluster of YSOs in DR21 form an extraordinarily straight chain.
Cygnus X provides a rich and varied collection of YSO clusters for our study of star formation. To understand the intricate substructure of the Cygnus X region, we selected two smaller areas in this field of view to study in more detail. The first region, shown in Figure 9 , lies just slightly southwest of DR21 and is termed the Diamond Ring. We can see a bright ring of emission, around which lie many dense clusters of YSOs, in addition to six identified B stars. The second region, AFGL 2636, is in the northeast corner of Figure 8 . Inside an arch of bright emission, there is a dense group of Class II objects and three B stars. A chain of Class I sources along the rim of the cloud extends in a long ring to another dense cluster to the east.
Clustered Star Formation in Cygnus X
To understand the evolution of star formation in Cygnus X, we would like to be able to identify distinct clusters of young stars and draw conclusions on their evolution based on comparisons of their relative sizes and ages. However, there are many obstacles to being able to glean such information. First, we have no insight on the gravitational relationships between the stars. Therefore, we must determine cluster memberships based on the spatial distribution of the sources. Although we assume all the sources are at about the same distance (1.7 kpc) due to their IR excess emission, we do not know the exact three-dimensional position of each star within the cloud. Second, stars do not form neatly in distinct, independent clusters. Clusters vary greatly in size, shape and density and can interact and overlap with other clusters, which renders defining cluster membership somewhat arbitrary. Therefore, to quantitatively describe the clusters in Cygnus X in such a way that we can compare with sim- ilar studies of other star-forming regions, we chose to use the cluster isolation method described and extensively tested in Gutermuth et al. (2009) . This method, which relies on the minimal spanning tree (MST) construction (Cartwright & Whitworth 2004) , has been used recently by Koenig et al. (2008) to characterize clusters with IRAC and MIPS photometry in W5. Since our cluster isolation technique relies only on a measure of the local surface density of stars, it is a relative method. Given the lack of information on the dynamical properties and masses of the stars, an algorithm to isolate contiguous, locally overdense structures is the most appropriate tool that we can use in this case.
The Diamond Ring
Located southwest of DR21 lies the region dubbed the "Diamond Ring" by Marston (2004) . The Diamond Ring, which is shown in Figure 9 , is believed to have been formed by a H II region identified by a 3 cm radio survey by Lockman (1989) . Marston et al. point out that the filaments extending from DR21, which can be seen in the top-left of Figure 9 , are truncated by the Diamond Ring and therefore, conclude that this structure is at the same distance as DR21. The very bright tip of the Diamond Ring has been identified previously as the site of a stellar cluster using 2MASS J, H and K S data (Object 16 and Cl 13 in Dutra & Bica (2001) and Le Duigou & Knödlseder (2002) , respectively). Using the 2MASS photometry and assuming a distance modulus of 11 m , Le Duigou & Knödlseder (2002) inferred that this cluster contains 12 B stars and no O stars. We found two B stars in the bright tip of the diamond, a B0.5 and a B9.0. We identified five B stars in the entire region, which are shown as blue asterisks in Figure 10 (left panel). We applied the Gutermuth et al. (2009) algorithm to identify and characterize clusters in the Diamond Ring. For each source in the region, the MST method first finds the distance to its nearest neighbor. Every source is connected by a line to another source in such a way that the total length of all the lines is minimized and there are no closed loops. The distance to its nearest neighbor a Summary of clusters identified by the cluster isolation algorithm using the straight-line fit method with a cutoff distance dc = 0.43 pc and using dc = 0.40 pc to maximize the number of clusters. is called the star's branch length. Clusters are defined as a collection of stars that are connected by branches that are less than some cutoff distance and containing at least some minimum number of stars, N. We define the minimum number of stars to be N=10, attempting to minimize the identification of false groupings due to statistical fluctuations in the low density YSO distribution. To determine the cutoff distance, we plot the distribution of branch lengths in Figure 10 (right). The distribution shows two distinct regions-a short and a long branch length domain-corresponding to clustered and distributed sources respectively. While there is no definitive cutoff branch length that perfectly determines cluster membership, choosing a cutoff length that falls somewhere between these two regions is a good estimate of the divide between objects belonging to clusters and the distributed population. We fit lines through the short and long branch length parts of the distribution and extrapolate to find their intersection. The point of intersection is selected to be the cutoff length, d c , which here equals 0.43 pc. Thus, we defined clusters in the Diamond Ring region as any group of 10 or more stars connected by lengths of no more than 0.43 pc. This cutoff distance is about half that derived by Koenig et al. (0.86 pc) for W5. This shorter cutoff length suggests that the Diamond Ring may be more densely populated with YSOs than W5.
With these criteria we identified 15 clusters, which contain 67 % of the sources. In Figure 11 (left panel), the clusters are shown in color with the distributed sources in black. B type stars are marked with black asterisks. The clusters exhibit a wide spread in size, ranging from To investigate how our result depends on the cutoff length, we searched for the maximum number of clusters (of 10 or more stars) that could be identified by varying the cutoff length. We identified clusters for cutoff lengths from 1 to 100 ′′ , with length steps of 1 ′′ . Figure 12 shows the number of clusters and the clustered fraction as a function of cutoff distance. As d c increases, more and more groups meet the cluster criteria. The number of clusters reaches a maximum at 18 and then begins to decline. As the cutoff length continues to increase, groups of smaller clusters get classified as one large cluster. Thus, choosing a good value for d c relies on a compromise between including the less dense clusters and not over-simplifying substructure in the complex regions. The technique of maximizing the number of groups to determine the cutoff length was investigated in detail by Battinelli (1991) .
A maximum of 18 clusters were identified for d c = 0.40 pc. The new clusters (shown in Fig. 11 , right) look similar to those for d c = 0.43 pc. Two of the largest clusters were split into smaller groups, one was not found at all, and a few stars became unassociated with any cluster. An increase from 15 to 18 clusters implies that the original 0.43 pc is a reasonable cutoff distance for identifying clusters. Table 3 summarizes the cluster characteristics for each method. The fact that the overall cluster fraction appears to have changed relatively little from one value of d c to the next provides confidence that this method is objective enough for identifying clusters in the Diamond Ring. Fig. 11 , left). The clusters are named by the Galactic coordinates of the cluster centers, as determined by averaging the positions of all members. For each of the 13 listed clusters in the region, we give the number of stars with IR excess, which includes Class I and II sources and any deeply embedded protostars and transition disk sources. We list the number of each individual class and the ratio of Class II to Class I sources for each cluster. We note that smallnumber statistics make the ratios for the smaller clusters very uncertain: we assume Poisson uncertainty applies and list this value in Table 4 alongside each quoted ratio. The II/I ratios range from 1.3±0.6 to 21.0±21.5. The final column in the table gives the diameter of each cluster in parsecs, measured as the diameter of the smallest circle that encompasses all sources in that cluster.
We constructed a 9 ′′ grid in the Diamond Ring region and at each point calculated the stellar surface density given by:
where r N is the distance to the Nth nearest star and N=5 (Casertano & Hut 1985) . The surface density contour map for the Diamond Ring is shown in Figure 13 . The major groups identified in this density plot agree well with the clusters identified with the MST/cluster isolation algorithm.
AFGL 2636
The second region studied, which encompasses AFGL 2636, lies in the northeast corner of Cygnus X North. Figure 14 shows an IRAC channel 1, 2 and 4 color composite image of the region. Figure 15 dense cluster of Class II objects is distributed around the B stars and lies nestled within the bright-rimmed cloud. This cluster was first identified by Dutra & Bica (2001) , who associated it with the radio H II region G82.6+0.4. A string of Class I sources lies along the rim of the cloud and extends in a wide arch to another dense group of YSOs, which reside in a dark region in the left of the image. We performed the same clustering isolation algorithm to this region. The distribution of branch lengths in the MST is shown in Figure 15 (right panel). The straightline fit yielded a cutoff distance of d c = 0.38 pc, which led to the identification of four clusters with a clustered fraction of 52.9 percent. The clusters, which are plotted in colors in the left panel of Figure 16 , range in size from 11 to 146 members. This cutoff distance is comparable to that used in the Diamond Ring region, d c = 0.43 pc. The fact that the cutoff distance determined by the straightline fit for AFGL 2636 is slightly shorter than for the Diamond Ring implies that the clusters in AFGL 2636 are denser.
As with the Diamond Ring, we varied the cutoff length in the cluster isolation algorithm from 1 to 100 ′′ in 1 therefore chose to include them in our analysis. Table 6 lists the parameters of each of the six clusters, including the number of stars with IR excess, the number of each individual class and the ratio of Class II to Class I. The II/I ratios range from 1.6±0.5 to 12.5±3.9. The final column gives the cluster diameters in parsecs calculated in the same way as for the Diamond Ring clusters.
We constructed a 9 ′′ grid in AFGL 2636 and at each point calculated the stellar surface density given by Equation 5. The surface density contour map for AFGL 2636 is shown in Figure 18 with contours at 20, 40, 60, and 80 pc −2 . The major groups identified in this density plot agree quite well with the clusters identified with the cluster isolation algorithm.
DISCUSSION
Star Formation in The Diamond Ring
Using the MST/cluster isolation method, we have identified 13 clusters in the Diamond Ring region, which are shown overlaid on an IRAC channel 4 image in Figure 19 (Left panel). To better understand the evolution of starformation in these regions, we next need to determine the ages of each cluster. Different types of stars require different amounts of time to progress through the various evolutionary stages. This variability makes determining the ages of the clusters difficult, because we cannot say that one Class I object is definitely younger than another Class II object. However, since Class I objects do represent an earlier stage of star formation than Class II, we can use the ratio of II/I sources to estimate the relative ages of the cluster. Table 4 lists the II/I ratio for each cluster in the Diamond Ring. Clusters with higher II/I ratios are dominated by Class II sources, and therefore should be relatively older.
According to the II/I ratios, the red cluster, G81.51+0.43, appears to be the oldest with a II/I ratio of 16.9±4.7 (G81.71+0.34 has a higher ratio but with much larger uncertainty). This cluster, which sits at the tip of the Diamond Ring and contains three B stars, is dominated by Class II sources and perhaps represents the earliest phase of star formation in the Diamond Ring region. One of the oldest clusters, G81.48+0.61 (orange), lies at the center of the Diamond Ring. With a II/I ratio of 12.2±4.0, it may have formed slightly after the red cluster. We have the optical spectrum from only one star in this orange cluster, which was found to be an F type star.
Most of the other clusters that surround the red and orange clusters have lower II/I ratios. G81.44+0.75 (purple) contains 22 class I sources, which is the most of all the clusters in the Diamond Ring. It has a II/I ratio of 5.0±1.2, implying that it is younger than the red and orange. Other younger clusters include G81.35+0.76 (green, top right), G81.42+0.30 (olive, bottom left), G81.56+0.35 (yellow, left) and G81.37+0.55 (blue) with II/I ratios of 1.3±0.6, 3.7±2.4, 5.5±4.2, and 8.8±4.6, respectively. These clusters lie in a ring around the older red and orange clusters.
The distribution of these clusters helps us to understand the star formation history of the Diamond Ring. It appears that the initial star formation occurred in the red and orange clusters. Then winds and radiation from the most massive stars in the red cluster sent shocks through the dust and gas in the surrounding regions, possibly inducing the subsequent generation of star formation, represented by the smaller, younger surrounding clusters. This situation is similar to what was found in W5 and NGC 602 (Koenig et al. 2008; Carlson et al. 2007) . Figure 19 (right panel) shows the clusters plotted on the visual extinction map of this region, where white indicates higher extinction. The red and orange clusters lie in very dark regions, implying little extinction. The young clusters (purple, green, blue, olive, yellow), on the contrary, tend to lie in areas of higher extinction. These young clusters still reside within their dusty natal molecular clouds. However, in the older red and orange clusters, winds and radiation from the massive stars have effectively removed the dust and gas from their parental molecular clouds. Although we did not find any O type stars in our spectral survey, several objects coincident with the red and orange clusters have r ′ i ′ Hα photometry consistent with a spectral type earlier than B0 at the distance and extinction of Cygnus X. The fact that the red and orange clusters have had time to blow away their molecular clouds while the others have not is consistent with our picture of star formation in the Diamond Ring.
Star Formation in AFGL 2636
AFGL 2636 lies on the outskirts of Cygnus X North and exhibits similar structure to the Diamond Ring. The clusters are displayed on an IRAC channel 4 image in Figure 20 . The largest and densest cluster is G82.55+0.40 (red), which contains two B type stars. As with the Diamond Ring region, we found 3 objects coincident with the red cluster, whose optical photometry is consistent with a spectral type earlier than B0 at the distance and reddening of Cygnus X. This cluster has a Class II/I ratio of 12.5±3.9 which suggests that it represents the oldest phase of star formation in this region. The cyan cluster G82.40+0.23 which sits just below the red also has a high II/I ratio of 12.0±12.5, but this large range makes its evolutionary status uncertain. The other clusters have significantly lower II/I ratios. The next largest cluster, G82.57+0.12 (orange) contains 18 Class I sources and has a II/I ratio of 1.6±0.5, making it likely a much younger cluster. The nearby pink and purple clusters, G82.61+0.06 and G82.58+0.21, are also relatively young, with II/I ratios of 5.5±4.2 and 5.7±2.5, respectively. The gold cluster, G82.40+0.23, contains 4 Class I sources and 7 Class II sources. It is part of the long chain of Class I stars that forms a wide circle around this region. The relative ages of the clusters suggest that these latter objects are a later generation of star formation, which is also consistent with their association with infrared dark clouds (IRDCs) to the southeast of the AFGL 2636 cavity.
In the right panel of Figure 20 , the clusters are shown overlaid on the visual extinction map for this region. In contrast to the Diamond Ring, all six clusters lie within areas of higher extinction. However, we can see that the orange, purple, pink and gold clusters reside in regions of higher extinction than the red and cyan clusters. This trend is consistent with our conclusion that the red and cyan clusters are the oldest in the region. The younger clusters are still deeply embedded in molecular clouds, while the red and cyan clusters have had time to remove some of their surrounding dust and gas.
In AFGL 2636, there are 52 Class I stars and 214 Class II stars in clusters, whereas, in the Diamond Ring, there are 65 Class I sources and 618 Class II sources in clusters. Thus, the II/I ratio for all the clusters in the Diamond Ring (9.5±1.2) is about twice that for AFGL 2636 (4.1±0.64). We therefore conclude that AFGL 2636 is likely to be younger than the Diamond Ring, which lies in the center of Cygnus X North. straight-line fit method with the cluster isolation algorithm, we found that 67% of YSOs in the Diamond Ring region and 53% of YSOs in AFGL 2636 belong to clusters of at least 10 members. However, using a cutoff distance that maximizes the number of clusters, we found that 58% and 63% of YSOs are in clusters in the Diamond Ring and II, respectively. Carpenter (2000) found that ∼75% of low mass stars form in clusters. Thus the regions in Cygnus X, with clustered fractions of 53-67% fall slightly below this level. This result may be more comparable to the work of Koenig et al. (2008) who found that between 44 and 70% of YSOs in W5 reside in clusters with ≥10 members (depending on the choice of clustering cutoff length). However, it should be noted that the study of W5 covered a larger area than our smaller regions of Cygnus X, and therefore included more distributed sources. The Diamond Ring region and AFGL 2636 were chosen because they contain particularly dense clusters around massive stars. If we looked at the entire Cygnus X North region, the clustered fraction would likely be lower than 53-67%.
CONCLUSIONS AND FUTURE WORK
We have used optical spectroscopy from FAST and Hectospec to classify possible OB sources in Cygnus X North. We classified a total of 536 sources and found a total of 24 B type stars and no O type stars, although several candidate O stars are evident in the IPHAS survey's photometric catalog. To verify that the spectrally observed stars are indeed members of the Cygnus X complex, we plotted these sources on an H-R diagram. We found that most of the stars seemed to fall on a line consistent with a distance of 1.7 kpc, confirming their association with Cygnus X.
We used Spitzer IRAC and MIPS photometry to identify and classify YSOs in Cygnus X North. We found 670 Class I, 7,249 Class II, 112 transition disk, and 200 embedded protostellar sources. We identified two regions in Cygnus X North that contained a dense grouping of YSOs around massive B stars. We used a minimal spanning tree and cluster isolation technique to study the spatial distribution of YSOs in these two regions. We found that 58-67% of YSOs belong to clusters of ≥10 members in the Diamond Ring region and 53-63% of YSOs belong to clusters of ≥10 members in AFGL 2636.
We used the ratio of Class II/I sources in each cluster to approximate a formation history of the clusters in each region assuming that a higher ratio of Class II to Class I objects indicates a more evolved (and thus older) cluster. We found that in both regions, a dense cluster around one or more massive stars seems to have formed first. A number of younger clusters are found surrounding the older cluster. These younger clusters may have formed when stellar winds and radiation from the most massive stars in the central cluster triggered a new generation of star formation.
There remains much to be understood about the history of star formation in the Cygnus X complex. By applying new algorithms for defining cluster memberships, we can hope to better characterize the structure of clusters in Cygnus X. As was mentioned earlier in this paper, our FAST survey may have missed some of the brightest sources in Cygnus X. Future studies will seek to locate and classify the most massive stars in the region that were missed by our survey and will allow us to better understand the evolution of star formation across the entire Cygnus X region. Note. -This Table is published in its entirety in the electronic edition of the Astrophysical Journal. A portion is shown here for guidance regarding its form and content. The 'Source' column gives the object name, which contains its Right ascension and Declination coordinates J2000.0. Table 7 lists the spectral classifications of the sources for which we obtained FAST spectra. The source names were derived from the position using the minutes and seconds of right ascension and degrees and minutes of declination. The sources are listed with their spectral types and errors, which were determined by SPTclass.
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